Sensorimotor dysfunction following incomplete spinal cord injury (SCI) is often characterized by paralysis, spasticity and pain. Previously, we showed that intrathecal (i.t.) administration of the albumin-oleic acid (A-OA) complex in rats with SCI produced partial improvement of these symptoms and that oral 2-hydroxyoleic acid (HOA, a non-hydrolyzable OA analogue), was efficacious in the modulation and treatment of nociception and pain-related anxiety, respectively. Here we observed that intrathecal treatment with the complex albumin-HOA (A-HOA) every 3 days following T9 spinal contusion injury improved locomotor function assessed with the Rotarod and inhibited TA noxious reflex activity in Wistar rats. To investigate the mechanism of action of A-HOA, microarray analysis was carried out in the spinal cord lesion area. Representative genes involved in pain and neuroregeneration were selected to validate the changes observed in the microarray analysis by quantitative real-time RT-PCR. Comparison of the expression between healthy rats, SCI rats, and SCI treated with A-HOA rats revealed relevant changes in the expression of genes associated with neuronal morphogenesis and growth, neuronal survival, pain and inflammation. Thus, treatment with A-HOA not only induced a significant overexpression of growth and differentiation factor 10 (GDF10), tenascin C (TNC), aspirin (ASPN) and sushi-repeat-containing X-linked 2 (SRPX2), but also a significant reduction in the expression of prostaglandin E synthase (PTGES) and phospholipases A1 and A2 (PLA1/2). Currently, SCI has very important unmet clinical needs. A-HOA downregulated genes involved with inflammation and upregulated genes involved in neuronal growth, and may serve to promote recovery of function after experimental SCI.
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Introduction
Spinal cord injury (SCI) leads to multiple cellular and molecular alterations each following a broad spatiotemporal pattern [1] [2] [3] . Although mechanical injury to the spinal cord causes immediate damage to neurons, several pathophysiological changes are induced following the initial acute phase. Mechanical spinal injury also leads to disrupted blood flow associated with bleeding within the immediate vicinity of the injury and ischemia [4] , with release of free radicals and toxicity induced by hemoglobin [5] . Acute SCI also involves activation of microglia and astrocytes, and immune cells such as neutrophils (6-24 h), macrophages (24 h to 2 weeks) and T cells [6] . The ensuing neuroimmune response present during the primary and secondary SCI processes, which includes both pro-inflammatory and anti-inflammatory processes, is a relevant component of SCI pathophysiology [7, 8] Balanced activity of inflammatory cell types, such as microglia and macrophages, have been shown to improve morphological and functional parameters of SCI [9] . Indeed, microglia and macrophages can change from proinflammatory, cytotoxic phenotypes to anti-inflammatory, pro-repair cells types [10] , mediated for example by interleukin-4 that facilitates microglia and macrophages to a pro-inflammatory state after SCI [11] . Sometimes, inflamory response improves the regeneration after spinal cord injury. Intraspinal application of diferent proinflammatory drugs, potenciate axonal regeneration [12, 13] . Microglia/macrophages in the injured spinal cord show a M1-like activation state facilitating the proinflammatory state [14] .
Comprehensive characterization of the cellular processes activated after SCI and their modification by new therapeutic potential agents, that may ameliorate secondary damage and promote adaptive sensorimotor neuroplasticity, can be achieved using differential gene expression analysis using microarray technology (DNA chips) [15] [16] [17] . These studies examine gene expression changes from pooled RNA samples from animals with SCI [18] [19] [20] [21] and contribute to our understanding of SCI pathophysiology, including initial upregulation of transcription factors and pro-inflammatory genes, and downregulation of some structural proteins, neurotransmitter receptors and transporters [3] .
SCI involves several changes in sensorimotor function below the injury level, including varying degrees of paralysis, and the development of debilitating symptoms and spasticity [22] [23] [24] [25] [26] . In addition, spinal injury can cause changes in pain processing, some of which are generated by local pathophysiological mechanisms [27] [28] [29] [30] . Taken together these symptoms interfere with successful rehabilitation of residual voluntary motor function following incomplete spinal cord injury [31] and lead to lower quality of life [25, [27] [28] [29] [30] [31] [32] . Due to the multiple spinal pathophysiological mechanisms triggered by SCI, novel treatments should be designed to control neuroinflammation and promote growth of residual descending control systems across the lesion [33] [34] [35] [36] [37] [38] . In this context, some symptoms of sensorimotor dysfunction following SCI have been related to glial reactivity at the injury site [39, 40] , while the restoration of constitutive serotonin and noradrenaline receptors has been reported to be essential for restoring residual motor function [41] [42] [43] . Recently, we reported partial recovery of sensorimotor function following T9 contusion SCI in the rat after intrathecal treatment with albumin and ω-9 oleic acid (A-OA) [24] . Immunohistochemical analysis of the lumbar spinal cord revealed that A-OA treatment strongly increased lumbar serotoninergic innervation, and reduced microglia activation and glutamate receptor phosphorylation [24] . Intrathecal injections of A-OA also reduce lesion-induced PPARα immunoreactivity in glia cells [44, 45] . In this context, the modified ω-9 fatty acid molecule, 2-hydroxy OA (HOA), undergoes a slower metabolization compared to OA, due to the fact that hydroxylation of the alpha carbon impairs its degradation through the beta-oxidation pathway [46] [47] . Furthermore, oral administration of HOA demonstrated safety and efficacy in the control of cell proliferation and blood pressure in models of cancer and hypertension, respectively [48, 49] . Moreover, oral HOA administration inhibits mechanical and thermal hypersensitivity accompanied by a reduction of microglia reactivity in lumbar spinal dorsal horn following peripheral nerve injury [50] .
In the present study, the effect of intrathecal administration of A-HOA on residual lower limb motor function and TA noxious reflex activity up to 28 days following T9 contusion SCI is described. Moreover, injured spinal cord tissue gene expression was analysed using DNA microarray analysis confirmed by RT-PCR analysis in A-HOA and saline-treated treated Wistar male rats 1 and 7 days after SCI. This novel treatment induced a marked recovery of the sensorymotor function and pain reduction in rats with SCI. In connection with these effects, we observed downregulation of neuroinflammation-related genes and upregulation of growth factors involved in neurogenesis, among other changes induced by A-HOA treatment. The present study demonstrates that the synthetic lipid HOA is a promising candidate to cover unmet clinical needs of patients with SCI.
Methods
Ten week old male Wistar rats (HsdHan1:WIST, Harlan Laboratories, 250-300 g) with free access to food and water were used. Animals were randomly assigned to different groups following SCI, each of which was administered with an intrathecal bolus. The following 5 experimental groups were planned for microarrays determinations: Control Group without lesion (n = 5), T9 vertebral region (T8 medullar) moderate contusion group treated 1 day or 7 days with saline vehicle (intrathecal, i.t., n = 5), T9 moderate contusion group treated 1 day or 7 days with an A-HOA bolus for 1 day or 7 days (80:0.4 nanomole of HOA and Albumin, respectively, i.t., n = 5). The compounds were administered by local injection in a volume of 10 μl [72] as previously described, immediately following the SCI and every 3 days. For behavioral and electrophysiological reflex analysis, animals were treated during 28 days (10 μl every 3 days, i.t.) as described below [24] .
All experimental procedures were approved by the institutional animal experimentation ethical committee [National Hospital for Paraplegic Animal Experimentation Ethical Committee (Register n˚V-45-168-296)]. The experiments adhered to the guidelines of the Committee for Research and Ethical Issues of IASP published in PAIN 1983; 16:109-110. of the i.t. catheter could be inserted rostrally and medially on top of the spinal cord with a final position just below the intended T9 contusion site. The area was cleaned to permit catheter fixture with acrylate cement to the T11 vertebrae. The percutaneous end of the i.t. catheter was finally secured by inserting it through a small cutaneous incision at the base of the cranium, whereupon it was filled with 0.9% sterile saline and tapped with a custom-made nylon filament.
Following intrathecal catheter implantation, a spinal T9 contusion was performed [85] . A bilateral T9 vertebral laminectomy enabled spinal contusion by allowing an 11-gram weight to fall from a height of 12 mm onto a cylindrical flat-tipped impactor with a 2.5 mm diameter placed centrally over the exposed spinal cord above the intact dura. Once the contusion was performed, artificial dura mater was placed onver the injury area (Neuropatch, B. Braun) and the overlying muscle layers were reapposed with a continuous suture stitch and the skin was finally closed with a subdermal suture, both with a 4-0 reabsorbable thread. Rats were carefully observed during recovery, and the bladder was manually expressed daily until recovery of function.
Tissue collection
Tissue was extracted at two specific time points after SCI: at 1 and 7 days after injury. Animals were deeply anesthetized with pentobarbital (Dolethal, 65 mg/kg, i.p., Ref: 737). Dorsal laminectomy was performed to extract thoracic spinal tissue (T7-T9). Spinal tissue was first disected and placed on a petri-dish on dry ice and median sagittally sectioned with a scalpel blade. The spinal tissue was placed in a 2-ml cryotube (479-0821, VWR International Eurolab SL, Spain) whereupon the sample was homogenized with the aid of a scalpel in 0.5ml of TriZol1 Reagent (15596-026, Invitrogen SA, Spain), and then rapidly frozen in liquid nitrogen. The total tissue collection time was no longer than 10 minutes. All the spinal tissue was stored at -80˚C until use.
DNA microarray analyses (Affymetrix, rat genome 230 2.0 arrays) DNA microarray analyses were performed as described [86] . First, RNA was extracted from each cord sample individually using TriZol1 Reagent (Invitrogen, Spain) as described [87] . Spinal cord samples from the contusion area were collected 1 day or 7 days after contusion in animals that had been submitted to treatment with saline vehicle (SCI controls, n = 4) or A-HOA (n = 4) as indicated above. The same type of sample (spinal cord area and amount of tissue) was collected from healthy rats (healthy controls, n = 4). One hundred nanograms of total RNA was used to synthesize double stranded cDNA by reverse transcription and subsequently, biotinylated cRNA was transcribed in vitro and it was fragmented as detailed by the manufacturer (Affymetrix, CA, U.S.A.).
Global RNA analysis profiles were studied using Affymetrix rat genome 230 2.0 arrays (Affymetrix, CA, USA) as previously described [86] . Total RNA was extracted from each cord sample individually using TriZol1 Reagent (Invitrogen, Spain), as described [87] . Spinal cord samples from the contusion area were collected 1 day or 7 days after contusion in animals that had been submitted to treatment with saline vehicle (SCI controls, n = 4) or A-HOA (n = 4) as indicated above. The same type of sample (spinal cord area and amount of tissue) was collected from healthy rats (healthy controls, n = 4). Amplification, labeling, hybridization, staining, washing, and scanning of the microarrays followed standardized protocols, with manufacturer-recommended reagents and instruments.
DNA Chip Analysis Software (Cheng Li Laboratory, Department of Biostatistics, Harvard University, Boston, MA, USA) was used to analyze the data. The CEL files were normalized by the invariant sets method [88, 89] , and model-based expression values were obtained using the perfect match/mismatch difference model. Images were inspected for imperfections, and the quality of the data was verified with the outlier detection algorithm as described [88] .
Analysis of variance (ANOVA) was used to test for significant differences between experimental groups. The False Discovery Rate tool included in dCHIP was used to detect false positives. Significant changes were identified using the following filtering criteria: statistical significance of p<0.05, of which those with ! and 4-fold change (absolute value) were selected for further analysis; differences of intensities over 100 between baseline and experimental means; detection call of "Present" in the experimental group. Only those genes whose expression met all these criteria were considered regulated with respect to their corresponding group. Non-agglomerative two-dimensional hierarchical clustering was used to analyze the data expression profiles. The Euclidean distance was used to generate clusters, and probe sets were grouped according to similar expression values.
RT-PCR analyses
For the present study, additional real-time RT-PCR was performed to validate additional genes from several major functional classes altered by injury. The same animal samples and RNA extractions used for microarray analyses were used for RT-PCR. RT-PCR was performed for the following genes: PTGES, PLA2GA2, PLA1A, GDF10, TNC, ASPN, TIMP1, FABP4, LCN2, IL1B, EMR1, PLTP, MOBP, COMT, CRYAB, ARSB, NAAA, PTPRC, AXL and PTAFR. cDNA synthesis was performed using 100 ng total RNA and the TaqMan Reverse Transcription Reagents kit (Applied Biosystems, Carlsbad, CA, USA). Real-time PCR was carried out in a 7900 HT thermocycler (Applied Biosystems) using 2× Gene Expression Master Mix and Assays on Demand (Applied Biosystems). For comparative analysis, the 2 -δδCt method was used [86] .
Motor activity determination
Voluntary hindlimb motor function before and after T9 contusion injury was analyzed in all experimental groups using a Rota-Rod device (4600, Ugo Basile), similarly as described [24] . Briefly, prior to contusion injury, each animal was trained for three days to remain upon a cylindrical surface which rotated at 5 rpm for at least 5 minutes. On the day before SCI control data were obtained by subjecting the rats to the Rota-Rod test, but with the cylinder rotating at a steadily accelerating speed from 5 to 15 rpm during the 5 minutes test duration. Following SCI, rats were tested on day 4 and then weekly thereafter up to 28 days with the Rotarod cylinder rotating at a steadily accelerating speed from 5 to 15 rpm during the 5 minutes test duration, to follow general voluntary motor recovery and the effect of the different treatments strategies.
Tibialis anterior noxious reflex
The methodological protocol for the measurement of TA noxious reflex activity has been described [24] . Briefly, four weeks after spinal cord injury, the rats were anesthetised with isoflurane (2%) in medicinal air (17% oxygen, at 2 l/min, Synthetic medical air, Carburos Metalicos, Spain). The nose was then inserted into a plexiglass adapter (Cibertec S.A., Spain) to administer the isoflurane-air mixture, and atropine was subcutaneously administered. The animal was placed in a supine position on an electric blanket maintained at 37˚C (RTC1 Thermal Regulator, Cibertec S.A.). Hair over the left TA muscle and at the mid-thoracic level was removed and both the trunk and the hindlimbs were extended and fixed into a neutral position with adhesive tape. Bipolar electromyographic responses were recorded using two multi- 
Results
A-HOA promotes sensorimotor function recovery in rats with SCI Four days after T9 contusion SCI in animals treated with saline, motor function (as assessed on the rotarod) was reduced to 1.1±0.1% compared with the pre-lesion control value (100±3%, Fig 1) . The experimental SCI group treated with A-HOA also showed similar reduction in the motor activity during the first days after lesion. However, animals treated with A-HOA showed a marked and significant increase in the rate and extent of recovery of voluntary motor function (p<0.01, Fig 1) . Thus, A-HOA induced a recovery of ca. 70% in motor function after 28 days of treatment. In contrast, rats treated with saline only showed use of the rotarod to below 10% (Fig 1) .
Inhibition of noxious TA reflex activity with A-HOA treatment after SCI TA reflex EMG activity, recorded in response to noxious electrical stimuli, was present in animals with experimental T9 contusion SCI treated with saline vehicle (Fig 2) . In animals with SCI treated with saline vehicle alone, the temporal summation of the nociceptive TA flexor reflex was observed up to a maximal value of 1150±200% when compared to the first reflex response (Fig 2) . A-HOA had a strong inhibitory effect on temporal summation (Fig 2) ; thus, post-hoc analysis revealed that temporal summation of the TA nociceptive reflex was inhibited in rats with SCI following treatment with A-HOA. In these A-HOA-treated animals, the maximal TA temporal summation observed was 210±30%.
Gene expression analysis in the spinal contusion area in rats with SCI
Whole-genome expression analysis was performed independently on 4 animal samples (spinal cord T8-T10 contusion area) from each group: control, SCI after 1 day, SCI after 7 days, SCI treated with A-HOA after 1 day, SCI treated with A-HOA after 7 days. Upon application of the quantification criteria detailed above, DNA microarray analysis revealed marked differences in the gene expression pattern between healthy non-injured rats and those with SCI in the T9 area of the spinal cord both after 1 and 7 days post-lesion (Fig 3) . In contrast, rats with SCI and treated with saline showed differences with respect to those that received A-HOA treatment both at 1 and 7 days after lesion (Fig 3) . In this context, SCI induced changes in the expression of a very high number of genes (S1 Table) . Moreover, ca. 600 genes showed an expression altered over 4-fold with respect to healthy rats (Tables 1 and 2 ). Interestingly, only 43 genes showed an expression 4-fold lower than healthy controls (Table 2) whereas ca. 550 genes appeared to be overexpressed (Table 1) 1 week after the lesion.
In contrast, treatment with A-HOA only induced changes in the expression of 41 genes, 20 of them overexpressed and 21 underexpressed, in SCI rats ( Table 3) . Six of these genes were expressed with a difference of more than 4 folds in A-HOA treated rats with respect to saline treated rats (3 genes were overexpressed and 3 underexpressed). Clustering analysis of the data is shown in Fig 3, which graphically represents the differential distribution of samples accrding to the covariance of the expression values obtained for the filtered genes. Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion
To further validate the changes observed in microarray analyses, we also measured the expression of a number of genes relevant in the context of SCI and the therapeutic effects of A-HOA in nociception control and motor activity (Figs 4-6). In this context, genes such as TIMP1, LCN2 and IL1B were significantly increased after SCI in the spinal cord lesion area (Fig 4) .
In addition to the low number of genes altered in SCI rats treated with A-HOA (Table 3) , some of them showed an expression opposite to that of non-treated (Control) SCI rats (Fig 5) . An example is the inflammation-related protein, prostaglandin E (PGE) synthase (PTGES), whose expression is markedly and significantly increased in SCI rats (Table 1) but significantly decreased SCI rats after treatement with A-HOA (Table 3 , Fig 5) . In contrast, growth differentiation factor 10 (GDF10) was significantly increased only in SCI rats treated with A-HOA.
Discussion
Spinal injuries have a prevalence ranging from 250-900 patients per million inhabitants in different countries and regional areas [51] , and over 90% of them are affected by important losses in voluntary mobility, while spasticity and neuropathic pain affects over 80% of patients with SCI [25, 26, 52] . In this context, there are unmet clinical needs to treat this condition and the symptoms associated with it [51] .
In the present study, we showed that intrathecal administration of the A-HOA complex (every third day during 28 days) induced a marked and significant recovery of the voluntary motor function (ca. 70%, Fig 1) . Moreover, A-HOA induced a marked and significant reduction with a concomitant inhibition of cutaneous noxious reflex activity and central sensitization to noxious stimuli, which indicates a possible application for spasticity and neuropathic After contusion, total RNA was extracted from the lesion region of rats with SCI or from healthy non-injured controls (Control) 1 day or 7 days (1d and 7d, respectively) and treated with saline vehicle (S) or A-HOA (HOA). mRNA was quantified by microarray analysis. ANOVA following the false discovery rate (FDR) P value correction used to detect significant changes. The figure shows hierarchical clustering in the 5 experimental groups showing the expression levels from green (low) to red (high). Expression levels using the color code indicated at the bottom of the graph is shown for all four animals from each experimental group.
https://doi.org/10.1371/journal.pone.0189151.g003
Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion pain (Fig 2) . These results are in agreement with the previous studies showing that A-HOA could reduce pain in rats with SCI [24] . Therefore, A-HOA could constitute a potential treatment for paralysis, spasticity and pain in patients with SCI. In this context, we observed a dramatic modification of genes within the damaged spinal tissue (Fig 3, Tables 1, 2 and 3 and S1 Table) . Thus, the expression of almost 4,000 genes was significantly altered by SCI, in most cases showing upregulation (S1 Table) . Considering a 4-fold threshold, ca. 550 gene products were significantly overexpressed (Table 1) , whereas only 43 were underexpressed (Table 2 ). These results indicate that cells in the area of the spinal injury respond by activating several signaling mechanisms. By contrast, treatment with A-HOA induced a limited gene expression regulation. In this context, only 41 genes were significantly up-(20 gene products) or downregulated (21 gene products) in rats with SCI treated with A-HOA with respect to rats treated with saline, with 3 genes being overexpressed more than 4-fold and another 3 gene products downregulated to a similar extent 7 days after injury (Table 3) . These results indicate that treatment with A-HOA had targeted only a few regulatory mechanisms over a week after SCI involved in the therapeutic effects mediated by A-HOA.
In the search for the mechanisms involved in SCI pathophysiology and therapy, and also as a means for the validation of the technique, we further evaluated the expression of selected genes using real-time qRT-PCR. We found that all genes whose expression appeared to be higher or lower in DNA microarray experiments also showed the same expression change trend after qRT-PCR quantification, although the absolute values were not identical. These results indicate that the microarray approach used was appropriate to accurately evaluate gene expression alterations. In this context, our results on the pathophysiological alterations induced by SCI agree with previous studies showing relevant expression modulation in genes which regulate diverse functions: stress and apoptosis, inflammation, cytoskeletal proteins, metal response elements, growth factors and receptors, cell cycle and neurotransmission [53] . In this scenario, the relevance of the results obtained in treated rats after SCI also resides in the number of genes regulated by A-HOA associated with motor activity regulation, such as Aspn (Asporin). This gene encodes an extracellular matrix member of the small leucine-rich proteoglycan protein family involved in regulation of cartilage and bones and is altered in patients with vertebral pathologies. Moreover, Aspn has been associated with development of the CNS and therefore it could play a crucial role in the neural damage recovery after SCI and the Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion therapeutic effects of A-HOA [54] . More specifically, this gene could be involved in the recovery of the extracellular matrix of the tissue damaged after SCI. In fact, Aspn expression already Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion is high (ca. 3-fold) in animals treated with saline and treatment with A-HOA causes further increases (ca. 6-8 fold), which indicates the relevance of this gene product in the physiological and pharmacological recovery after spinal injury. Similarly, Growth Differentiation Factor 10 (GDF10) is a member of the bone morphogenetic protein family and the TGF-α superfamily, which is involved in the anti-inflammatory activity of certain cytokines and in alleviating nerve injury-induced neuropathic pain in rats [55] . Moreover, GDF10 has been recently reported to be a signal for axonal sprouting and neuron functional recovery after stroke [56] . The members of this family are regulators of cell growth and differentiation in both embryonic and adult tissues. Interestingly, this protein is also expressed in adipocytes, where it inhibits adipogenesis [57] . Because the CNS has very high lipid content, it is feasible that this protein could be involved in the lipid metabolism and nerve regeneration. Therefore, the neurotrophic, anti-inflammatory, analgesic and metabolic roles of GDF10 could play critical roles in the recovery from SCI.
Another protein overexpressed in A-HOA-treated SCI rats was tenascin C (TNC). This protein is involved in regulating the proliferation of both oligodendrocyte precursor cells and astrocytes. TNC is present in central nervous system injuries and gliomas [58] . In this context, in TNC defficient mice improved axonal sprouting has been observed, suggesting that this protein may interfere with nerve recovery after SCI. However, the fact that A-HOA induces TNC Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion overexpression followed by generalized motor recovery could indicate that this is one of the molecular cell events associated with recovery from SCI. TNC has also been related to extracellular matrix alterations, accelerated leukocyte infiltration and enhanced axonal sprouting after spinal cord hemisection in tenascin-C-deficient mice [58] .
Another gene with a markedly and significantly increased expression in A-HOA-treated SCI rats with respect to saline-treated rats was sushi-repeat-containing protein X-linked 2 (SRPX2). This gene encodes a secreted protein with 3 sushi repeats, and has a relevant role in cognitive activities, such as speech and language, as well as in angiogenesis [59, 60] . Moreover, alterations in the SRPX2 gene are associated with bilateral perisylvian polymicrogyria, rolandic epilepsy, speech dyspraxia and mental retardation. In addition, it participates in cell migration and adhesion, activates angiogenesis and promotes synapse formation [61] . These roles suggest that SRPX2 may play an important role to restablish vascularization and recover synapse loss associated with SCI. In fact, mutations in SRPX2 have been linked to neurological syndromes with altered neuronal migration [62] . In summary, this evidence suggests that SRPX2 could play a role in functional recovery in rats with SCI. Some kind of lipids are able to regulate inflammatory mediators through complex mechanisms to promote or inhibit inflammation [63] [64] [65] [66] [67] [68] . In our study, genes related to inflammation, such as PTGES, PLA1 and PLA2 were repressed at least 4-fold. In this context, PTGES Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion gene encodes for a glutathione-dependent PGE synthase. The expression of this gene has been shown to be induced by proinflammatory cytokine interleukin 1 beta (IL-1B) and by tumor suppressor protein TP53, and may be involved in TP53-induced apoptosis. Knockout studies in mice suggest that this gene may contribute to the pathogenesis of collagen-induced arthritis and mediate acute pain during inflammatory responses. In agreement with this, it has been seen that intrathecal PGE2 administration induces hyperalgesia and allodynia, the latter tactile hypersensitivity effect observed in rats being often associated with neuropathic pain in patients [69, 70] . Moreover, knockout mice lacking the membrane enzyme that produces PGE2 (mPGES-1 -/-) did not exhibit mechanical allodynia, while retained normal nociceptive responses after spinal nerve transection, which demonstrates the involvement of this protein in neuropathic and inflammatory pain [71, 72] and in the therapeutic effects mediated by A-HOA. In addition, PGE2 inhibits microglial migration in the spinal cord, which could Treatment with albumin-hydroxyoleic acid complex restores sensorimotor function in rats with spinal lesion further interfere with SCI therapy [72] , so that PTGES inhibition by A-HOA would also permit glial cell trafficking [40] .
The other two genes, PLA1 and PLA2, encode for phospholipases A1 and A2, respectively. These two enzymes produce lysophospholipids and fatty acids, such as arachidonic acid, a well-known inflammatory mediator that causes hyperalgesia [73] . On the one hand, it has been reported that PLA1 plays a relevant role in 1-oleoyl-2-palmitoyl-phosphatidylcholine turnover in neurons, a lipid that regulates localization of signaling proteins to defined synaptic areas [74] . Furthermore, PLA2 induction after SCI or intrathecal PLA2 injection itself can cause axon demyelination and focal hemorrhagic pathology, suggesting that inhibition of PLA2 might be associated with remyelination in the spinal contusion area after treatment with A-HOA [75] . Therefore, the reduction in animals of PLA2 following treatment with A-HOA may contribute to reduced inflammation, nociception and cell death in the area of SCI.
Inhibition of PLA2 by Annexins produces a post-traumatic anti-inflammatory effect, suggesting that the therapeutic effect of A-HOA could also be related to the inhibition of progressive tissue damage after SCI, due in part to repression of PLA1/2 expression [76] . Further studies are required to assess the role played by these target genes in the pro and anti-inflammatory effects related to SCI.
In line with these results, significant changes were found in the spinal lesion area of A-HOA rats treated for 1 and 7 days, respectively (Fig 5) . One of the most relevant changes was the alteration in the expression of the phospholipid transfer protein, PLTP, whose expression was found increased after 7 days of treatment with respect to the first day of treatment both after DNA microarray (13.6-fold; p<0.001) or qRT-PCR (over 100-fold change; p<0.001) quantification. This result further indicates the relevance of lipids in the pathophysiology and therapy of SCI. However, it should be ruled out the possibility that fatty acids in general could have therapeutic effects against SCI. In this context, it has been clearly shown that cis-monounsaturated fatty acids, such as HOA and its analog, oleic acid, induce changes in the structure and function of membrane lipids and proteins that are not paralleled by other fatty acids with identical (e.g., elaidic acid) or similar (e.g., stearic acid) chemical composition but with different structure [77, 78] . Thus, the structure of fatty acids is crucial to modulate the structure of membranes and ensuing signaling events [48, 79, 80] . Membrane-drug interactions play critical roles in the efficacy of certain compounds [81] and the general mechanisms underlying the effects of synthetic fatty acids and related compunds (e.g., A-HOA) on the cell's physiology and gene expression have been summarized elsewhere [82, 83] .
In summary, in the present study we showed that the complex made between the lipid binding protein, albumin, and the synthetic lipid, 2-hydroxyoleic acid, showed a high efficacy to promote sensorimotor recovery after SCI, having been identified by DNA microarray and RT-PCR analyses a number of genes with a potentially relevant role for therapy. This therapeutic complex (A-HOA) could be of clinical interest for the treatment of motor function, the spasticity syndrome and the control of neuropathic pain in patients with spinal cord injury. Further experimental studies are required using behavioural and histological techniques to identify the role of the new gene targets modulated by A-HOA in this study. Table. Gene expression modulation in the lesion area of rats with SCI (7 days post trauma) compared with non-injured rats. This table presents approximately 3,900 genes/ transcripts that undergo changes over 2 fold when gene expression of SCI (7 days post injury) and non injured animals were compared. 
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